C-reactive protein and cardiopulmonary bypass in infants under
From the Dc~partmcnts of Curcliac Sztrgcry und ' Biochcvnistrj~, Royal Hospitu1,for Sick Childrcw, Yorkhill, Gleisgoiv GS HSJ, U K Cardiopulmonary bypass (CPB) is a unique form of tissue injury encompassing a wide variety of different insults. Knowledge of the effect of this procedure on plasma C-reactive protein (CRP) is important because of the difficulty in diagnosing infection in small infants and the value of postoperative monitoring of CRP as a marker of infection.'
Although the changes in plasma C R P concentrations following CPB have already been established in adults,'~* there is evidence that the metabolic response is different in small infants.j This may be due to immaturity or to the more varied nature of the surgical techniques involved. Our aim was to elucidate the normal changes occurring in infants under 5 kg in weight.
MATERIALS AND METHODS
The study protocol was approved by the local Ethics Committee and informed parental consent was obtained for each child who participated.
Ten consecutive infants undergoing open heart surgery were entered into the study. They comprised six males and four females, mean age 41 days (range 7 days to 5 months) and mean weight 3.67 kg (range 2.8 to 4.7 kg).
The operations included arterial repair of transposition of the great arteries (n = 6), repair of atrioventricular septal defects ( n = 3) and closure of a ventricular septal defect (n = 1 ) .
A standard anaesthetic technique was used and CPB was instituted using a Stockert roller pump (Stockert Instruments, Munich, Germany), non-pulsatile perfusion, a Cobe Correqmndence: Mr I M Mitchell VPCML membrane oxygenator (Cobe Laboratories, Gloucester, UK), and a Bentley AF540 (40p pore size) arterial filter (Baxter Healthcare, Compton, UK). Bypass time ranged from 54 t o 182min (mean IlOmin), the core temperature was lowered to between 16°C and 26°C (mean 20.7OC) and in four patients circulatory arrest was required.
Six of the 10 children made an uneventful postoperative recovery. However, three (Patients 5 , 6 and 10) required emergency re-thoracotomy for haemorrhage on the first postoperative night. During re-exploration Patient 6 had a cardiac arrest, and although resuscitation was successful he developed renal failure on the tenth day, then became septic and progressively jaundiced. Despite dialysis he died on the forty-third postoperative day. One other child (Patient 9) developed pulmonary hypertension and died of respiratory failure on the sixth day.
Blood samples were taken 2 days prior to surgery, 6 and 12 h after the start of CPB and on days 1, 2, 3, 4, 5 and 7. These daily samples were taken between 0800h and IOOOh to eliminate diurnal variation. C-reactive protein was measured by fluorescence polarization immunoassay on an Abbott TDx analyser (Abbott Laboratories, Maidenhead, UK), with a coefficient of variation of 3% and a quoted reference range of less than 10 mg/L.
RESULTS
The results are summarized in Fig. I . C-reactive protein concentrations increased 10-fold 6-12 h after the start of CPB reaching a peak at 48 h; mean value 98mg/L (range 73-142mg/L) in the eight patients who survived. Concentrations then fell rather more slowly, t o near normal by the end of one week. However in both children who died (Patients 6 and 9), the maximum C R P concentra- tions attained (163 mg/L and 175 mg/L) were considerably higher than in those subjects who survived. Subsequently, concentrations fell rather more slowly but nevertheless reached values similar to the rest of the group around the fifth day. There was no correlation between the maximum C R P concentration and any other parameter, including age, weight, the duration of CPB, the degree of hypothermia, the use of circulatory arrest or the need for re-thoractomy.
DISCUSSION
C R P is the classical marker of the inflammatory or acute phase of the metabolic response to stress. C-reactive protein concentrations increase following general surgical procedures, reaching a peak at around 48 h before falling to normal or near normal within 5-7 days. 4 We have demonstrated a similar response in infants undergoing CPB. However, this situation appears to be quantitatively and qualitatively different from that previously reported in adults undergoing CPB.'.' In infants, the maximum C R P concentration was reached a t 48 h (as opposed to 72h) and was only 25-45% of that seen in I.Z.5.h The significance of these differences is difficult to interpret. It seems unlikely that the stimulus of cardiac surgery would be less in paediatric operations and presumably. therefore, these differences reflect a relative immaturity of the immunological defence mechanisms. This would tend to be supported by the fact that additional surgical stress (re-thoractomy, etc.) did not of itself produce any increased response. The significance of the more pronounced rise in those patients who subsequently died is uncertain. particularly as CRP concentrations returned to normal despite continuing problems.
In adults, C R P is a useful indicator of infective complications following CPB'.'." Because of the more frequent use of prosthetic materials (patches, etc.) in paediatric cardiac surgery and the frequent absence of the usual clinical signs of infection in neonates (c.g. raised temperature and white cell count), CRP is an even more valuable diagnostic indicator in children. The demonstration that uncomplicated cardiac surgery in infants is followed by a risc in CRP concentrations which return to normal or near normal within 5-7 days is therefore important, as it provides a reference point for comparison when abnormal situations are encountered.
